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The global energy transition toward low-carbon systems has intensified the search for sustainable energy carriers capable
of supporting large-scale decarbonization initiatives. Among these, hydrogen constitutes an essential component of
emerging sustainable energy systems due to its high gravimetric energy density and its potential to integrate with
renewable energy sources. To enable its widespread utilization, safe and efficient storage technologies are required,
particularly those suitable for balancing seasonal fluctuations in energy supply and demand. Underground hydrogen
storage (UHS) in geological formations such as depleted reservoirs, aquifers, and salt caverns has gained attention as a
viable solution. However, accurately predicting hydrogen solubility in subsurface saline environments remains a challenge,
as it directly influences the assessment of gas loss, chemical stability, and operational risks. This study investigates the
application of machine learning (ML) techniques to model hydrogen solubility in saline aqueous solutions, addressing the
limitations of conventional thermodynamic models that often fail to capture the complexity of such systems. The research
employs a database containing 255 experimental observations encompassing pressure, temperature, salinity, and
hydrogen solubility, with the objective of developing predictive models to estimate hydrogen solubility in saline systems
and support the evaluation of underground storage feasibility. The methodology includes exploratory data analysis,
feature engineering to enhance the physical representation of the data, and variable selection to identify the most
relevant predictors influencing solubility. Various regression models, including CatBoost, XGBoost, and Support Vector
Regressor, were implemented to evaluate their robustness in capturing the complex behavior of hydrogen in saline
environments. The findings demonstrate that ML-based approaches provide accurate performance, with CatBoost
achieving R? = 0.9939 and RMSE = 0.0188, reinforcing the suitability of data-driven methods for solubility prediction and
supporting more reliable risk assessment in UHS, thereby contributing to the development of safe and efficient storage
systems within sustainable energy strategies.
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